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ABSTRACT
PKS 1155+251 is a radio-loud quasar source at z = 0.203. Observations using very
long baseline interferometry (VLBI) at ∼2, 5, 8 and 15 GHz show that the structure
of the radio source is quite complicated on parsec scales and that the outer hot spots
are apparently undergoing a significant contraction. Because these results cannot be
fully explained based on the compact symmetric object (CSO) scenario with a radio
core located between the northern and southern complexes, we made observations
with the Very Long Baseline Array (VLBA) at 24 and 43 GHz to search for compact
substructures and alternative interpretations. The results show that the radio core
revealed in the previous VLBI observations remains compact with a flat spectrum in
our sub-milli-arcsecond–resolution images; the northern lobe emission becomes faint
at 24 GHz and is mostly resolving out at 43 GHz; the southern complex is more
bright but has been resolved into the brightest southern-end (S1) and jet or tail alike
components westwards. Explaining the southern components aligned westward with
a standard CSO scenario alone remains a challenge. As for the flatter spectral index
of the southern-end component S1 between 24 and 43 GHz in our observations and
the significant 15 GHz VLBA flux variability of S1, an alternative scenario is that the
southern complex may be powered by a secondary black hole residing at S1. But more
sensitive and high-resolution VLBI monitoring is required to discriminate the CSO
and the binary black hole scenarios.
Key words: galaxies: nuclei – galaxies: jets – quasars: individual (PKS 1155+251)
– quasars: supermassive black holes – radio continuum: galaxies
1 INTRODUCTION
Massive black holes (BHs) are believed to exist at the
center of galaxies and active galactic nuclei (AGNs)
(Kormendy & Ho 2013), and galaxy-galaxy merging is ex-
pected to lead to the formation of massive binary BHs
(BBHs) (Volonteri, Haardt & Madau 2003). The two BHs
in a merging system can approach each other through dy-
⋆ E-mail: liux@xao.ac.cn
namical friction and the gravitational slingshot interaction
(Begelman, Blandford & Rees 1980). When BBHs become
gravitationally bound (e.g., at parsec scales), they may clean
up the materials in the BBH system (Berentzen et al. 2009)
and become a relatively stable binary system without (or
with marginal) angular-momentum loss on the parsec (pc)
scale. This is called the “stalling phase” or the “final parsec
problem” of BBHs (Yu 2002; Milosavljevic´ & Merritt 2003),
and the existence of such a problem is still in debate (e.g.
Khan et al. 2013; Vasiliev, Antonini & Merritt 2014). The
c© 2017 The Authors
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stalling phase, if it exists, will imply that BBHs have a long
lifetime at the pc scale, which would allow us to more effi-
ciently detect BBHs at the center of giant elliptical galaxies
and quasars that form from galaxy mergers.
The past decade has seen the search for signatures
of massive BBHs or dual AGNs in galaxies; for example,
with double-peaked narrow emission lines (Wang et al. 2009;
Smith et al. 2010) and double-peaked broad emission lines
(e.g. Boroson & Lauer 2009; Eracleous et al. 2012). Dual-
AGNs exist on the kpc scale at a fraction of a few percent
of double-peak-line galaxy samples, as indicated by optical
studies (e.g. Fu et al. 2012; Liu et al. 2013) or radio images
(e.g. Fu et al. 2011; Mu¨ller-Sa´nchez et al. 2015), suggesting
that most double-peak lines do not result from dual AGNs.
A similar fraction of dual AGNs at the kpc scale is also found
from AGNs selected in hard X-ray (Koss et al. 2012) or radio
images (Fu et al. 2015). However, due to resolution limita-
tions, finding pc-scale BBHs in AGNs remains difficult when
using optical and X-ray images, although the line-of-sight ra-
dial velocity shifts from long-term spectroscopic monitoring
of broad emission lines may also be useful to find the sub-
pc BBHs in AGNs (Wang et al. 2017; Runnoe et al. 2017).
Multi-wavelength approaches should be used to search of
dual AGNs and massive BBHs; see Komossa, Backer & Liu
(2016) for a recent review.
In the radio band, very- long- baseline interferome-
try (VLBI) can resolve a BBH system on the pc scale if
both BHs are radio active. Double cores resolved on these
size scales are strong signatures of massive BBHs in AGNs
(Frey et al. 2012; Gaba´nyi et al. 2014; Mohan et al. 2016;
Yang et al. 2017). Even if only one BH is radio active, a
precessing jet and/or a radio-core offset resulting from the
BBHs may also be signatures of BBHs (Wang et al. 2014;
Liu 2016). Different methods and samples have been used
to search for pc-scale massive BBHs in AGNs; for exam-
ple, VLBI did not find dual VLBI cores from AGN sam-
ples with double-peak emission lines (Tingay & Wayth 2011;
Gaba´nyi et al. 2016). Burke-Spolar (2011) searched for flat-
spectrum dual cores from the geodetic VLBI databases and
found only one BBH candidate (B0402+379), which had al-
ready been discovered by Rodriguez et al. (2006). B0402 +
379 is known as the first pc-scale BBH system to have dou-
ble VLBI cores separated by 7.3 pc (Rodriguez et al. 2006;
Bansal et al. 2017). Another example of close BBHs is BL
Lac object OJ287, which shows 12 year periodic optical out-
bursts (Valtonen et al. 2008), but which is not yet resolved
to show double radio cores. Liu (2014) searched for possi-
ble double cores or twin jets in astrophysical databases and
found six candidates. We have observed two candidates with
the VLBA: PKS 1155 + 251 and 4C55.19 from Liu (2014).
This paper reports the result for PKS 1155 + 251.
PKS 1155 + 251 is a broad-emission-line quasar (SDSS
J115826.16+245014.9) at redshift 0.203 (Aihara et al. 2011)
and is proposed by Liu (2014) as a candidate BBH system
because of its complicated VLBI structure. The source
exhibits an unusually complex VLBI structure, as first
indicated in Kellermann et al. (1998). It was previously
observed in the VLBA Imaging and Polarimetry Survey
(VIPS) at 5 GHz (Helmboldt et al. 2007), the radio ref-
erence frame image database (RRFID) at 2.3 and 8.4
GHz (two epochs on Jan. 10, 1997 and July 9, 2003;
see http://www.usno.navy.mil/USNO/astrometry/vlbi-
products/rrfid and Petrov et al. (2008) for recent progress),
and the Monitoring Of Jets in Active galactic nuclei with
VLBA Experiments (MOJAVE) program at 15 GHz (three
epochs on April 7, 1995, May 21, 1999 and March 4,
2001, see http://www.physics.purdue.edu/MOJAVE/ and
Lister et al. (2009)). Tremblay et al. (2008) observed the
source at 5, 8, and 15 GHz with the VLBA on September
19, 2006; the images are similar to the VIPS results at
5 GHz, the RRFID images at 8 GHz, and the MOJAVE
images at 15 GHz, but with higher dynamic ranges. The
paper by Tremblay et al. (2008) showed a core (identified
from the spectral index) with diffuse emission to the north
(and slightly east) and more complicated diffuse emission to
the south (and slightly west) along with a blob of emission
due west. In between the majority of the system and the
brightest southern component the lower frequencies indicate
a large amount of western diffuse emission. Also, there
seems to be an indication of an eastern “spur” of emission.
This is a complicated and messy source. With these VLBA
images Tremblay et al. (2008) classified the source as a
compact symmetric object (CSO). We observed the quasar
at 24 and 43 GHz with the VLBA, with the goal being to
further resolve the complex structure of this source. The
results are presented in section 3 and discussed in section 4.
2 OBSERVATION AND DATA REDUCTION
The observations were made with the VLBA in the Q band
(43 GHz, experiment code BL199A) on March 7, 2015 and in
the K band (24 GHz, experiment code BL199B) on August
7, 2015. All 10 antennas were used in the two observations.
The scheduled observation time was 6.1 hours, and the total
on-source time for the target source was 4.2 hours in both
bands. The bandwidth was 64 MHz for both the K and Q
bands, and the data sampling rate was 1024 Mbps to obtain
high sensitivity.
The bright quasar B1156+295 was observed as calibra-
tor to correct instrument phase delay. The raw data were
correlated by using the DiFX (Deller’s Distributed FX) cor-
relator, with normal correlation parameters (2 s integration
time and 128 frequency points per sub-band).
The correlated data were calibrated by using the Astro-
nomical Imaging Processing Software (AIPS) package. Fol-
lowing the standard calibration procedure recommended in
the AIPS Cookbook, we needed to do a priori calibration.
Calibration of the Earth orientation parameters is necessary
for VLBA data reduction because the old Earth orientation
parameter model used in the VLBA correlator gives large
uncertainty. Thus, real-time measured data were used for
calibrating uncorrected orientation parameters; we obtained
these data files from the U.S. Naval Observatory database.
Although the ionosphere causes dispersive phase delay, this
can be calibrated by applying a global ionospheric model de-
rived from GPS measurements. The VLBA correlator works
with no sampler-bias correction before data are written out,
so we did this by hand by using the AIPS task “ACCOR” with
the autocorrelation data. Parallactic angle correction was
also applied. We calibrate the amplitude by using system-
temperature data recorded during the observation and the
antenna gain curves of the antennas. Furthermore, opacity
corrections were applied by using the weather table attached
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Table 1. Parameters of fit to Gaussian model of VLBA images at 24 and 43 GHz: observation frequency and date [Col. 1]; fitted
Gaussian model component ID [Col. 2]; integrated intensity of component [Col. 3]; angular distance from component C [Col. 4]; angle
of component relative to component C [Col. 5]; major axis, minor axis, and angle of major axis of component [Cols. 6–8]; peak intensity
[Col. 9]; brightness temperature of component [Col. 10].
1 2 3 4 5 6 7 8 9 10
Frequency ID Si R P.A. θmaj θmin P.A. Sp Tb
(mJy) (mas) (◦) (mas) (mas) (◦) (mJy/beam) (108 K)
43 GHz C 3.37± 0.17 0.00 ± 0.02 0.07 0.07 3.36± 0.61 5.5
S1 118.87 ± 5.94 3.56 ± 0.02 −162.03 ± 0.01 0.46 0.20 54.6 95.10 ± 8.87 10.1
2015 Mar. 7 WQ4 18.23± 0.93 3.52 ± 0.02 −155.98 ± 0.02 0.77 0.18 45.4 35.52 ± 3.47 1.1
WQ3 5.33± 0.33 2.73 ± 0.02 −144.48 ± 0.44 0.91 0.52 0.3 2.30± 0.52 0.09
WQ2 0.60± 0.20 3.44 ± 0.09 −92.39± 1.50 0.93 0.29 36.6 0.54± 0.36 0.02
NQ 2.63± 0.22 6.32 ± 0.05 17.74 ± 0.43 0.84 0.84 1.02± 0.40 0.03
24 GHz C 2.74± 0.14 0.00 ± 0.02 0.08 0.08 3.03± 0.56 10.1
S1 147.60 ± 7.38 3.53 ± 0.02 −159.55 ± 0.01 0.42 0.18 72.8 123.20 ± 11.38 49.4
2015 Aug. 7 WK4 18.57± 0.95 3.16 ± 0.02 −152.10 ± 0.02 1.05 0.52 80.1 38.44 ± 3.74 0.9
WK3 8.99± 0.52 3.36 ± 0.02 −121.86 ± 0.35 1.44 1.19 70.8 2.33± 0.51 0.1
WK2 10.46± 0.70 4.04 ± 0.03 −93.52± 0.37 2.59 0.95 49.4 1.83± 0.45 0.1
NK 14.99± 0.88 5.14 ± 0.04 8.00± 0.48 2.50 2.50 1.11± 0.39 0.06
to the data. To obtain more-sensitive fringe-fitting solutions
by combining all available sub-bands, we removed the in-
strument phase delay by fringe fitting over a short scan of
B1156 + 295 before global fringe fitting. Bandpass solutions
were determined by using the calibrator B1156 + 295 data.
The final calibrated visibilities were written to disk as FITS
files for further imaging processing in DIFMAP (Shepherd
1997).
The later imaging, self-calibration, and model-fitting
steps were done by using the software package DIFMAP. It
should be noted that the beam size (major and minor axis
of the beams) is similar except its orientation in the resulted
24 and 43 GHz images (Fig. 1) which is because the visibil-
ities in long baselines at 43 GHz were flagged due to very
low signal-to-noise ratio (< 3σ). The shortest baseline at 43
GHz had extra-high correlation amplitude because of the
extended emission and had to be flagged out to properly
resolve the compact components. This prevents us from re-
covering the extended emission, although we used natural
weights in the clean images.
3 RESULTS
Figure 1 shows the naturally weighted total intensity images
of PKS 1155 + 251 at 24 and 43 GHz. Components denoted
by the model fit parameters in DIFMAP are also marked on
the images (see below). We obtain a dynamic range (defined
as the ratio of peak intensity to rms noise in the image) of
1600:1 at 24 GHz and 1240:1 at 43 GHz. NK and NQ are
northern emission detected at 24 GHz and at 43 GHz. The
central component C is unresolved at both frequencies. The
southern complex is resolved to show a set of blobs or hot
spots oriented to the northwest at both 24 and 43 GHz.
3.1 Model fitting and component identification
To further study the complex structure, Gaussian compo-
nents are used to fit the components. We applied elliptical
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(a) PKS 1155+251 at 43 GHz
Mar. 7, 2015
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Aug. 7, 2015
(b) PKS 1155+251 at 24 GHz
NK
C
S1
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Figure 1. VLBA total intensity images of PKS 1155 + 251 at 43
(left) and 24 GHz (right). Image rms noise (1σ) is 0.09 mJy/beam
at 24 GHz and 0.10 mJy/beam at 43 GHz. Contours start at 5σ
and increase by factors of two. The synthesized beam is shown in
the left corner of each panel with an FWHM of 0.95 × 0.55 mas
and a position angle of −65.3◦ at 24 GHz and 0.97 × 0.47 mas
with a position angle of +39.8◦ at 43 GHz.
Gaussian models with the MODELFIT procedure in DIFMAP,
which convolved the clean components of the image with
a restoring beam. However, the extended and/or complex
emission cannot be fitted with an elliptical Gaussian model,
which never converges. A circular Gaussian model was then
used to fit the extended emission. The stop criterion in the
MODELFIT procedure was set as a residual peak intensity less
than 5σ.
The uncertainty of the intensity of component was
estimated by combining the model-fit error with the ini-
tial calibrating error. The latter is dominant and is usu-
ally estimated to be ∼5% for VLBA (Homan et al. 2002;
Hovatta et al. 2012).
The results of fitting to the model appear in Table 1.
The components are denoted in a manner consistent with
previous results (Tremblay et al. 2008), and the components
that have the same position relative to the central core are
MNRAS 000, 1–7 (2017)
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identified as counterparts. The central component C is not
resolved and is selected as the reference for other compo-
nents. The southern component S1 is the brightest in both
images with resolved jet-like (or hot spot) emission to the
west, and the western components are denoted herein as
WK2, WK3, and WK4 at 24 GHz and as WQ2 (a marginal
detection), WQ3, and WQ4 at 43 GHz. The WK- and WQ
-components are not very consistent in terms of relative po-
sition (see Table 1). Some extended emission appears in the
northern region and is tentatively fit by a circular Gaussian
model (NK at 24 GHz and NQ at 43 GHz), and the NQ
seems to be a sub-component of NK.
The source may have been varied in flux density and
position angle of components from the 43 GHz observation
on March 7, 2015 to 24 GHz on August 7, 2015. It has been
shown at 15 GHz that the variations of components from
three epochs of the MOJAVE data and the observation by
Tremblay et al. (2008), the southern components showed an
apparent westward motion of ∼0.2c relative to the central
core (Tremblay et al. 2008). With this velocity, for our ob-
servations 5 months apart from 43 to 24 GHz, the change in
component position is ∼0.01 mas, but this causes a position
error less than 1σ (typically 0.02 mas in Table 1).
The component cross-identification for 24 and 43
GHz images and the fit results can be influenced by
the frequency-shifted structure (e.g., the core-shift effect),
see Pushkarev et al. (2012). We consider that the position
change caused by westward motion of the blob or hot spot
within the time interval of five months between our 24 and
43 GHz observations is negligible, as mentioned above. One
of reasons that led to the confusion of component position
at 24 and 43 GHz, would be that if old blobs (or hot spots)
dimmed whereas new blobs brighten during the 5 months
between the two observations. With current data, however,
the cross-identification of the WK- and WQ-components be-
tween 24 and 43 GHz remains uncertain.
The brightness temperature of the Gaussian component
in the source rest frame can be estimated by using the for-
mula (Kellermann & Owen 1988)
Tb = 1.22 × 10
9(1 + z)
Si
ν2obsθmaj × θmin
K, (1)
where Si is the integrated flux density of component in units
of mJy, θmaj and θmin are the major and minor axes (FWHM
in mas), respectively, of the elliptical Gaussian model in Ta-
ble 1, νobs is the observation frequency in GHz, and z is
the redshift. The resulting brightness temperature appears
in the last column of Table 1. Component S1 has the highest
brightness temperature (>109 K) in both observation bands.
3.2 Radio spectral index
According to the results of model fitting listed in Table 1,
the spectral index for components C and S1 is estimated to
be 0.36± 0.03 and −0.38± 0.03 (Sν ∝ ν
α) between 24 and
43 GHz, respectively. The error of spectral index is roughly
estimated with the formal error and systematic errors.
We also tried to construct a spectral index map from our
total intensity images at 24 and 43 GHz. To obtain a spectral
index map, the images at 24 and 43 GHz were made with
similar (u, v) ranges of (u, v) coverage as shown in Fig. 2.
Figure 2. The (u, v) coverage at 24 (black) and 43 GHz (blue)
of PKS 1155 + 251 which have been reduced to match each other
with similar (u, v) ranges (in unit of mega-wavelengths) and used
for constructing the spectral index map in Fig. 3.
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Figure 3. Spectral index map of PKS 1155 + 251 derived from
VLBA images at 24 and 43 GHz with reduced similar (u, v) cov-
erage and the same circular restoring beam (FWHM = 1 × 1
mas) shown in the left corner. Contours are drawn starting at 5σ
and increase by factors of four (black is for 24 GHz, blue is for
43 GHz). The central component C is selected as the reference
point against which to align the images at 24 and 43 GHz. The
spectral index with the color bar appears at bottom.
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Natural weighting was applied to the imaging, and the im-
ages were restored with a same beam size of 1 × 1 mas in
both bands. For two major reasons the most important step
in producing a spectral index map by using two different-
frequency images is to match the components: First, the
absolute-coordinate information is lost in the VLBI data re-
duction due to phase self-calibration, so the two images can-
not be exactly matched across the absolute coordinates. Sec-
ond, the “core shift” at two different frequencies due to the
self-absorption effects is expected in the core region. For that
component C is the most compact and unresolved compo-
nent at both 24 and 43 GHz, so the position of core C would
not shift significantly between 24 and 43 GHz so, according
to Tremblay et al. (2008), we select the peak position of the
Gaussian-fitted component C as the reference point against
which to align the 24 and 43 GHz images. We expect that
the spectral slopes measured near the edges of sources are
less reliable because they depend strongly on the shape of
contributing sources (with nearly perpendicular beams or
PSFs at 24 and 43 GHz) and spacial sensitivity at the two
frequencies, although we adopt a similar range of (u, v) and
a circular restoring beam tried to reduce this effect in the
spectral index map. Figure 3 shows the resulting spectral
index map.
For the southern complex, in Fig. 3, the spectral-index
distribution shows that the southern-end has the flatter
spectral index and becomes steeper toward the western blob
(or hot spot) area. From the spectral index map, we derive
a flat spectrum of 0.10± 0.03 for component C and a mod-
erately flat spectrum of −0.37 ± 0.03 for component S1 in
the restoring beam area of 1× 1 mas. Although this flatter
spectral index might suggest the existence of a self-absorbed
core in S1 (see the discussion section), we should acknowl-
edge that the spectrum of the S1 is not as flat as one would
expect from a core, likely because of blending/confusion with
steep spectrum emission.
Note that the southern emission exhibits a gradient
across the spectral index map, which is possibly indica-
tive of alignment issues between the two frequency maps.
We tried to re-align them with the peak position of the
southern brightest component S1, and the result is simi-
lar to Fig. 3. The gradient may be partly caused by the
edges of spectral regions depending strongly on the edges of
contributing sources, as mentioned above. Furthermore, if
there is a motion to the northwest of the southern emission
(Tremblay et al. 2008), then the 24 GHz data being taken
5 months after the 43 GHz would generate steeper spectral
emission towards the top right of the southern clump, which
may also have caused some gradient shown in Fig. 3.
4 DISCUSSION
PKS 1155 + 251 is classified as a flat-spectrum radio loud
quasar (Healey et al. 2008) but is not detected in the γ-ray
band. The radio spectrum appears to peak at ∼5 GHz based
on the data available in the NASA/IPAC Extragalactic
Database. In our observation, the spectral index is −0.5 for
the VLBA image flux density of 188.6 mJy at 24 GHz, and
142.4 mJy at 43 GHz. The radio flux is quite stable at 2 and
8 GHz, as found in 1983–1994 by Lazio et al. (2001) which
could be dominated by lobes and extended emission. How-
ever, the VLBA flux density in the MOJAVE observations at
15 GHz decreases significantly by >50% from 1995 to 2001
and the drop can be attributed to the brightest component
S1 decreasing steadily by ∼40%, while the other components
exhibit small fluctuations (Tremblay et al. 2008). In the 15
GHz radio monitoring program with the 40 m telescope at
the Owens Valley Radio Observatory (OVRO), total flux
density of PKS 1155+251 has monotonously increased by
21% in two years from 2008 to 2009 (Richards et al. 2011).
No polarisation at 5 GHz (Tremblay et al. 2008) or at 8 GHz
(Jackson et al. 2007) was detected for this source.
In the VLBA images at 5 GHz (Helmboldt et al. 2007),
the radio structure is more extended in the east-west than
in the north-south direction, similar to the 2.3 GHz RRFID
images, and a westernmost component appears at ∼120 pc
from the central core. The source is resolved in the 15 GHz
images (Tremblay et al. 2008), they classified this source as
a CSO based on the flat-spectrum central core and two-
sided steep-spectrum edge-brightened features at the lower
frequencies. In addition, they attributed the western emis-
sion to the trails from the interaction between jets and the
interstellar medium.
Within the framework of the CSO model, however, it
could be difficult to explain why the western trail emis-
sion can extend to a distance greater than the size of the
CSO itself (∼88 pc, see Tremblay et al. 2016). The CSO
also appears to be shrinking relative to the central core
(Tremblay et al. 2008), which would contradict the picture
in which a young CSO should grow. In addition, the VLBI
flux density at 15 GHz decreases significantly, which again
contradicts a classical CSO, whose flux is quite stable on the
time scale of years (e.g. Cui et al. 2010; An & Baan 2012;
An et al. 2012; Tremblay et al. 2016).
The results at 24 and 43 GHz show that the radio core of
the CSO remains compact and has a flat spectrum, and the
northern lobe emission is extended at 24 GHz and partially
detected at 43 GHz; the southern complex is bright and has
been resolved into blob- or trail-like components westwards
which were considered as a set of hot spots in the CSO
scenario. The spectral index of the southern-end component
S1 between 24 and 43 GHz becomes flatter than that at
lower frequencies.
Our results cannot refute the CSO scenario, a still possi-
ble explanation for seeing the transverse hot spots and trails
of this source is that younger hot spots are advancing away,
and brighten and moving transversely due to interactions at
the end of the jet (Tremblay et al. 2008). In this explanation,
there exists some reason for the pressure of the environment
to increase between a clumpy environment and the CSO.
Alternatively, it may also be possible, for the flatter
spectral index of S1 and its jet-like emission westward in
the 24 and 43 GHz images, that the southern complex is
potentially powered by a secondary black hole residing at
the S1. If it is the case, a new jet born from the S1 will
lead to an apparent shift of the position of S1 to northwest,
which can partly account for the apparent shrinking between
the core C and the S1 found by Tremblay et al. (2008) at
15 GHz. And the strong radio flux variations at 15 GHz as
mentioned above are more plausible to be explained in the
alternative scenario than the CSO scenario.
The hypothesis of two massive BHs residing in the C
and S1 with a projected distance of ∼3.5 mas or 11.6 pc
MNRAS 000, 1–7 (2017)
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(between C and S1) from Table 1, should be tested with
potential clues from the following observations: (1) Regu-
lar 43 GHz VLBI monitoring to search for a blob of new
emission from the secondary candidate core S1 to see if a
trend existed in which components appear to emerge from
the candidate BH and move away more often than other mo-
tions within the source. This would go a long way towards
proving this scenario. (2) 15 GHz flux monitoring; the 15
GHz variability is mainly attributed to the S1 of the source,
which is a strong signature of S1 harboring a massive BH,
because such a high flux variability of ∼40% within just
several years is rarely seen in CSO hot spots. (3) Higher-
frequency VLBI imaging, e.g., at 86 GHz, will be helpful to
further resolve the source and to verify if the southern S1
component is compact and has a flat spectrum compared
with the 43 GHz image. The caveat is that it will resolve
out much more smooth emission so it can be difficult to dis-
cern an overall source structure. In addition, the motion of
matter around the putative BBH system could be probed
with VLBI or synthesis radio telescope observations of the
velocity distribution of H I absorption line profiles, as done
for the known BBH in B0402+379 (Rodriguez et al. 2009;
Morganti, Emonts & Oosterloo 2009).
5 SUMMARY
We made high-frequency VLBA observations of quasar
PKS 1155 + 251 at 24 and 43 GHz. The results reveal ex-
tended northern emission, a central flat-spectrum core C,
and a westward-jetted southern component S1 with a rela-
tively flat spectrum of −0.38 between 24 and 43 GHz. The
component S1 is the brightest with a brightness tempera-
ture of ≥109 K, which is higher than that of the central
core. The CSO scenario cannot fully explain the radio prop-
erties of this source (e.g., the significant western emission
at lower frequencies and the VLBA flux density variability
at 15 GHz in S1). An alternative scenario is proposed that,
in addition to the central core, the southern complex pos-
sibly harbors a secondary BH for the jetted structure of S1
in the high-frequency images, which could account for its
significant flux density variations at 15 GHz and apparent
shrinking of the source. This alternative scenario implies two
massive BHs separated by a projected distance of ∼12 pc.
However, more sensitive monitoring with higher resolution
is required to discriminate between the CSO and the binary
BH scenarios.
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